Primary pulmonary hypertension (PPH) is a fatal illness. In advanced stages only transplantation is able to increase survival. Echocardiography is useful for the assessment of these patients, but there is limited information about its prognostic value. With this goal, 25 consecutive patients, age: 36.7 ؎ 12.7 years, were studied and followed up for a mean period of 29 months (range: 0.2-84). Eleven echocardiographic parameters of cardiac anatomy, function, and hemodynamics were assessed. Age and sex were also analyzed. Death and heart-lung transplantation were considered end-points. Thirteen events (Death: 8; transplantation: 5) occurred in the follow-up (11 of 13 in the first year). Kaplan-Meier estimated survival free from transplantation at 5 years was 40% (95% CI: 23%-70%). In the univariate analysis, RAA (HR: 1.1, P ‫؍‬ .0004), TR (HR: 2.7, P ‫؍‬ .02), and RVET (HR: 0.98, P ‫؍‬ .02) showed statistically significant relation with survival free from transplantation. Multivariate analysis showed that RAS (HR: 1.10, 95% CI: 1.04-1.17, P ‫؍‬ .001) and TR (HR: 2.52, 95% CI: 1.01-6.3, P ‫؍‬ .047) were independent risk factors of transplantation and death. The use of these findings on the management of patients with PPH should be tested in larger studies. (J Am Soc Echocardiogr 2002;15:1160-4.) 
Primary pulmonary hypertension (PPH) is a fatal
illness with a dramatic and inexorable natural evolution to death in nearly all patients. Although spontaneous remission has been described, this is a very rare situation. 1 After diagnosis, 5-year survival rate is about 21%, with a mean period of survival of 2.5 years. 2, 3 Despite its ominous prognosis, the natural evolution can be different among individuals. A subgroup of patients under treatment with vasodilators is able to show improvement in terms of clinical status and even survival. 4, 5 Nevertheless, in advanced stages of the illness, only lung or heartlung transplant increase survival. 6, 7 Unfortunately, there exists a dramatic imbalance between the number of patients waiting for being transplanted and the number of potential donors. Therefore, a careful analysis of clinical data and accessory information obtained from complimentary studies to detect prognostic predictors is crucial to identify the severity of PPH among patients waiting for a transplant. To date, a few clinical and hemodynamic parameters have been described that are predictive of PPH survival. 8 Among them, New York Heart Association (NYHA) functional class III or IV, presence of Raynaud phenomenon, elevated mean right atrial (RA) pressure, elevated mean pulmonary artery pressure, decreased cardiac index, and decreased diffusing capacity for carbon monoxide have been related to a more severe prognosis. Although echocardiography is a very useful tool in the assessment of PPH, very little information has been reported about its prognostic value in this illness. 9, 10 With this in mind, we have designed a study in which the primary goal was to assess the prognostic value of echocardiography in PPH.
METHODS

Study Group
From December 1993 to May 2000, 78 patients with pulmonary hypertension of diverse causes who were considered potential candidates for lung or heart/lung transplantation were prospectively and consecutively studied by the Echocardiography Section at the Institute of Cardiology and Cardiovascular Surgery-Favaloro Foundation. From this population, 25 patients (mean age: 37.6 Ϯ 12.7 years [range: 20-59 years], 19 female [76%] and 6 male [24%]) who fulfilled the following inclusion criteria entered the final study group: (1) diagnosis of PPH established by means of right and left hemodynamic study and ventilation/perfusion lung centellography performed at the institution, after ruling out other causes of secondary pulmonary hypertension (SPH). (2) Follow-up monitored by the Intrathoracic Organ Transplantation Division of the institution. Fifty-three patients were excluded from the study for the following reasons: confirmed diagnosis of SPH (nϭ 38), pulmonary hypertension of unclear cause (n ϭ 4) and patients with PPH or SPH treated and followed up in a different institution (n ϭ 11).
Echocardiographic Study
Transthoracic echocardiography was performed in a standard manner with a 2.5-MHz phase-array transducer with Hewlett-Packard SONOS 1500, 2000 or 5500 (Hewlett Packard Co, Andover, Mass) or ATL HDI 5000 (Advanced Technology Laboratories, Inc, Bothell, Wash) machines in all the patients. [11] [12] [13] The population analyzed in this study was also included in another study protocol previously reported by our group, designed to assess the use of transesophageal echocardiography in the etiologic diagnosis of patients with severe pulmonary hypertension as candidates to heart/lung transplantation.
14 For that reason, all the patients underwent a transesophageal echocardiography study, which was useful for the assessment of pulmonary artery diameters. A 5-MHz biplane or multiplane transducer was used for transesophageal studies.
The following echocardiographic parameters of cardiac anatomy, function, and hemodynamic status were prospectively analyzed in each patient: right ventricular (RV) diastolic diameter, measured from the apical 4-chamber view at the level of the tip of the tricuspid valve, left ventricular (LV) diastolic diameter, systolic RA size and left atrial size, measured as planimetric areas from the apical 4-chamber view; diastolic main pulmonary artery diameter (measured from the transesophageal approach), tricuspid regurgitation (TR) severity: classified in 3 degrees: mild (grade 1), moderate (grade 2), and severe (grade 3), on the basis of color Doppler regurgitant jet area/RA area ratio; acceleration time (AT) of the RV outflow tract flow spectral signal, obtained with pulsed Doppler with the sample volume positioned immediately below the pulmonic valve (parasternal short axis of the base); RV ejection time (RVET), obtained from the same spectral signal; AT/RVET ratio; RV first derivative of pressure (dP/dt), estimated from the rising slope of the continuous wave Doppler signal of the tricuspid regurgitation jet (change in pressure from 0.5-2 m/s); and systolic pulmonary pressure, estimated as the addition of RV-RA pressure gradient (obtained from the continuous wave Doppler of TR) to RA pressure (calculated after evaluation of diameter and behavior of inferior vena cava under respiratory maneuvers, from the subcostal approach).
Other Studies
In addition to standard studies (ECG, laboratory, and chest x-ray examination) and echocardiography, a ventilationperfusion lung scan and a hemodynamic study was performed by protocol in every patient to define the cause of pulmonary hypertension.
Follow-up
Most of the patients underwent a strict periodic clinical evaluation. In 22 patients the follow-up was performed in our institution. In the 3 remaining patients (living in other cities of the country) data were obtained by telephone interview conducted by trained personnel. Transplantation or cardiac death was defined as an end point (combined events). Transplantation was included as an end point to avoid statistical bias considering the cross-over of the more severely ill patients to the transplantation group.
The follow-up period was estimated as the time lapse (in days) between the initial echocardiographic study and the last date of control, transplantation, or death.
Statistical Analysis
Continuous variables are expressed as mean Ϯ 1 SD. The survival curve was calculated by Kaplan-Meier method, the standard error by Greenwood formula and the 95% CI was based on the logarithm transformation. The log rank test and Cox regression analysis were used to identify risk factors of death or transplantation. Values of P Ͻ .05 were considered statistically significant.
In addition to the echocardiographic parameters described, age and sex were also considered in the prognostic evaluation.
RESULTS
Echocardiographic Data
Complete measurements were obtained in 22 patients. AT, RVET, and AT/RVET were not measured in 1 patient and dP/dt was not estimated in 2 TR was present in all the patients and its severity was estimated as mild in 14 (56%), moderate in 9 (36%), and severe in 2 (8%) patients.
Follow-up Data
Patients were prospectively evaluated and followed up for a mean period of 29 months (median: 12 months, range: 0.2-84). During the follow-up period, 8 patients died and 5 were transplanted (combined events: 13 patients). Three of 5 transplanted patients died within the 24 hours of the surgery. Most of the events occurred in the first year of follow-up (7 death and 4 transplants). Kaplan-Meier estimated survival free from transplantation at 5 years was 40% (95% CI: 23%-70%).
Prognostic value of echocardiographic parameters. In the univariate analysis, RAS (hazard ratio: 1.1, P ϭ .0004), TR (hazard ratio: 2.7, P ϭ .02), and RVET (hazard ratio: 0.98, P ϭ .02) showed an statistically significant relationship with survival free from transplantation.
Mean values and SD of these parameters, comparing those patients with and those without events, are described in Table 2 . Multivariate analysis (log-rank test and Cox regression analysis) showed that only RAS (hazard ratio: 1.10, 95% CI: 1.04-1.17, P ϭ .001) and TR (hazard ratio: 2.52, 95% CI: 1.01-6.3, P ϭ .047) were independent risk factors of transplantation or death.
Nine of 11 patients with RAS greater to the median (27 cm 2 ) were transplanted or died during the first year of follow-up and all the patients (n ϭ 6) wit RAS greater than the 75th percentile (34 cm 2 ), were transplanted or died within this period. Figure  1 shows the likelihood of survival free from transplantation, comparing patients with RAS equal or lower than the median and RAS greater than the median.
DISCUSSION
The prognostic value of echocardiographic parameters of cardiac anatomy, function, and hemodynamic state in patients with PPH was prospectively assessed in this study. In the multivariate analysis the RAS and the severity of TR were found to be predictive factors of mayor events (heart/lung transplantation and death) in the analyzed population (25 patients followed up by a mean period of 29 months). One of the determinants of the RAS is the pressure on the atrium. As previously mentioned, the mean RA pressure has been reported to have prognostic value on survival in PPH. 8 Therefore, it seems reasonable to think that both closely related parameters (RA pressure and size) are predictive of mortality.
It is more controversial to explain the fact that TR severity was also predictive of a severe prognosis in PPH. TR is a common finding in patients with severe pulmonary hypertension but its severity varies between patients depending on different determinants. In a previous study reported by our group, the relationship between the degree of TR and echocardiographic parameters of right cardiac anatomy and function was analyzed in a group of 44 patients with severe pulmonary hypertension (mean pulmonary systolic pressure: 93.79 mm Hg).
15 TR was present in all patients (mild in 47.7%, moderate in 31.8%, and severe in 20.5%). In the univariate analysis, the RV diastolic dimension (r ϭ 0.51, 95% CI ϭ 0.24 Ͻ R Ͻ 0.70), the diameter of the tricuspid annulus (r ϭ 0.49, 95% CI ϭ 0.22 Ͼ R Ͼ 0.69), and the RAS (r ϭ 0.47, 95% CI ϭ 0.17 Ͻ R Ͻ 0.69) were associated with the severity of TR. As those parameters are representative of the tricuspid apparatus structure, it seems reasonable to consider that the enlargement of the right atrium, tricuspid annulus, right ventricle, or a combination of these is accompanied by more severe TR. In the current study, it is probable that both RAS and TR shared the same physiopathologic mechanism.
To our knowledge, the prognostic value of RAS and TR on PPH outcome has not previously been reported, at least from results obtained in prospective studies. Yeo et al, 10 in a retrospective study, reported that TR severity had prognostic value on adverse outcome in patients with PPH, but this result was obtained only in univariate analysis.
Another measurement that showed prognostic value in our study, but only in the univariate analysis, was the RVET. This parameter gives information about the RV function. The assessment of systolic RV function by means of noninvasive and even invasive studies is still a challenge. Echocardiography offers different parameters for its evaluation. Nevertheless, the complexity of the shape of the RV chamber (complicating volume calculations), the relative value of indirect measurements (presystolic, systolic, and diastolic times), and the impossibility to avoid the influence of preload and afterload secondary to interactions such as TR or pulmonary pressure make all these estimations unreliable. In our study we selected RVET and RV dP/dt as repeatable and easily obtained parameters. To date, there is little information about the prognostic value of RV function indexes on pulmonary hypertension. Among the limited published data, Tei et al 9 described the use of a new echocardiographic index of ventricular performance. This index, defined as "the sum of isovolumic contraction time and isovolumic relaxation time divided by ejection time," was found to be an independent predictor of survival in PPH within the multivariate model. 10 Our study was prospective and we were not able to evaluate the prognostic use of such index considering that it was reported just after our study started.
Limitations
As many other published studies on PPH prognosis, the study group was relatively small.
Two combined events (death and heart/lung transplantation) were chosen to evaluate the prognosis of patients with PPH. As previously described, transplantation was included as an end point to avoid statistical bias, considering the crossover of the more severely ill patients to this treatment. In our opinion, it is valid to consider heart/lung transplantation as a true "hard event" because only patients with severe clinical deterioration who are unresponsive to other treatments choose this surgical option.
Although it was only an echocardiographic study, lack of information about clinical status or response to treatment should be considered as another limitation. Nevertheless, it is noteworthy that every patient was, at least once in the follow-up period, in NYHA functional class III or IV.
CONCLUSIONS
RAS and the severity of TR, 2 parameters easily obtained by echocardiography, were predictive variables of survival free from transplantation in patients with PPH. The impact of these findings on the therapeutic management of this fatal illness should be addressed in larger prospective studies.
